A hyperthermophilic, anaerobic, piezophilic archaeon (strain DY20341 T ) was isolated from a sediment sample collected from an East Pacific Ocean hydrothermal field (16 379 S 1026 459 W) at a depth of 2737 m. The cells were irregular cocci, 0.8-1.5 mm in diameter. Growth was observed between 50 and 90 6C (optimum 80 6C), pH 5.0 and 8.0 (optimum pH 7.0), 1 % and 7 % (w/v) sea salts (Sigma, optimum 3 %), 1 % and 4 % (w/v) NaCl (optimum 3 %) and 0.1 and 80 MPa (optimum 30 MPa). The minimum doubling time was 66 min at 30 MPa and 80 6C. The isolate was an obligate chemoorganoheterotroph, capable of utilizing complex organic compounds and organic acids including yeast extract, peptone, tryptone, casein, starch, Casamino acids, citrate, lactate, acetate, fumarate, propanoate and pyruvate for growth. It was strictly anaerobic and facultatively dependent on elemental sulfur or sulfate as electron acceptors, but did not reduce sulfite, thiosulfate, Fe(III) or nitrate. The presence of elemental sulfur enhanced growth. The G+C content of the genomic DNA was 43.6±1 mol%. 16S rRNA gene sequence analysis revealed that the closest relative of the isolated organism was Palaeococcus ferrophilus DMJ T (95.7 % 16S rRNA gene similarity). On the basis of its physiological properties and phylogenetic analyses, the isolate is considered to represent a novel species, for which the name Palaeococcus pacificus sp. nov. is proposed. The type strain is strain DY20341 T (5JCM 17873 T 5DSM 24777 T ).
The order Thermococcales is one of the best-studied groups of hyperthermophiles. Over the past 20 years, approximately 30 species belonging to three genera (Thermococcus, Pyrococcus and Palaeococcus) have been described in detail. Only two species of the genus Palaeococcus have been described: Palaeococcus ferrophilus and Palaeococcus helgesonii. Palaeococcus ferrophilus was isolated from a deep-sea hydrothermal vent in Japan (depth, 1338 m) and has an absolute requirement for either elemental sulfur (S 0 ) or ferrous iron (Fe 2+ ) in order to grow (Takai et al., 2000) . Palaeococcus helgesonii was isolated from a shallow marine geothermal well and can grow both microaerobically and strictly anaerobically (Amend et al., 2003) .
Strain DY20341
T was isolated from a sediment sample collected in a deep-sea hydrothermal vent field. The sample was collected in August 2008, at a depth of 2737 m at the Niaochao site (1 u 379S, 102 u 459 W) on the East Pacific Ocean Rise, during cruise DY115-20 of R/V 'Da-Yang YiHao'. Collection was made by benthic seabed grab and samples were hermetically sealed in sterile vials and maintained at 4 u C during transport to the lab. Strain DY20341
T was isolated from a sample of black, finegrained sand and mud [neutral pH, 3 % (w/v) salinity] that contained chimney debris material and organic sediments.
The enrichment, isolation and cultivation of the new isolate were performed in a liquid medium in a highly purified 100 % nitrogen atmosphere. Portions of the sample were used to inoculate a series of media including MJYPS medium (Takai et al., 2000) . The enrichment and pure cultures were grown in 10 ml MJYPS medium in Hungate tubes, reduced by adding Na 2 S . 9H 2 O (600 mg l 21 ) in 100 % N 2 [1 bar (10 5 Pa)], at 80 u C. All incubations for physiological tests were carried out at 80 u C and pH 7.0, in triplicate. A pure culture of strain DY20341 T was purified by roll-tube isolation, followed by the dilution-to-extinction method, in 10 separate series. The purity of this culture was confirmed routinely by microscopic examination and repeated partial sequencing of the 16S rRNA gene using several PCR primers.
Cells of strain DY20341
T were irregular cocci, 0.8-1.5 mm in diameter, occurring singly or in pairs (Fig. S1 , available in IJSEM Online). They were motile by means of a single flagellum, which would become a small sac-like chain when strain DY20341
T was grown under atmospheric pressure, as observed by transmission electronic microscopy. Growth was observed between 50 and 90 u C (optimum at 80 u C). No growth was detected at 45 u C and 95 u C. The optimal pH for growth was 7.0, with the range for growth between pH 5.0 and 8.0. The optimum salt concentration was 3 % for both NaCl and sea salts. Growth was observed from 1 to 7 % (w/v) sea salts (Sigma) and 1 to 4 % (w/v) NaCl. Under optimal growth conditions (temperature, pH and NaCl), the isolate showed no growth on MJYPS at P O2 ¢0.08 bar. It seems, therefore, that strain DY20341
T is a strict anaerobe, similar to Palaeococcus ferrophilus but different from Palaeococcus helgesonii. Cells grown under specific conditions were collected at regular intervals, and growth was estimated by direct cell counting using a Thomas chamber (depth 0.02 mm). All samples were tested in triplicate.
Growth was also observed under high hydrostatic pressure, from 0.1 to 80 MPa (not determined at pressures higher than 80 MPa) (Fig. S2) . In MJYPS, the highest growth rate and growth yield were obtained at 30 MPa (66 min and 1.2610 8 cell ml 21 , respectively). Representatives of the order Thermococcales are the most frequently isolated hyperthermophilic archaea from deep and shallow marine hydrothermal vents from 0 m to 4200 m (Kuwabara et al., 2007; Zeng et al., 2009) . There is a clear relationship between depth at origin and responses to hydrostatic pressure for related Thermococcales species (Zeng et al., 2009) . For example, the first obligate piezophilic archaeon (Pyrococcus yayanosii CH1) was isolated in 2009 from the deepest hydrothermal vent field known at that time, using a high-pressure reactor (Birrien et al., 2011) . Strain DY20341
T can grow at 80 MPa with a cell density of 1.18610 8 cells ml 21 (which is higher than the 60 MPa upper pressure limit of Palaeococcus ferrophilus), but optimal growth was found at 30 MPa. The minimal doubling time was 66 min under 30 MPa, but around 95 min under atmospheric pressure. These results indicate that the isolate is also a piezophilic hyperthermophile.
The ability of the isolate to use single carbon sources for growth was tested at optimal growth temperature on MJS medium (Takai et al., 2000) , to which 0.02 g yeast extract l
21 was added to improve cell survival. N 2 was used as headspace. T in MJS medium with or without yeast extract.
The novel isolate is facultatively dependent on elemental sulfur or sulfate as an electron acceptor, but it does not reduce sulfite, thiosulfate, Fe(III) or nitrate. The presence of elemental sulfur enhances growth. Sulfidogenesis from the reduction of sulfur to sulfide is prevalent among the deepest branching Archaea and Bacteria (Noll & Childers, 2000) . The majority of Thermococcales are obligately dependent on elemental sulfur, which serves as a terminal electron acceptor leading to H 2 S production and avoids the toxic accumulation of H 2 . In some of the heterotrophic species capable of growing facultatively without sulfur, the fermentative utilization of sugars and peptides results in the formation of molecular hydrogen, but these archaea need sulfur for optimal growth (Pikuta et al., 2007) . Two exceptions are Themococcus litoralis and Pyrocoocus furiosus, which grow equally well with and without sulfur (Fiala & Stetter 1986; Blamey et al., 1999) . In contrast, Palaeococcus ferrophilus requires Fe(II) for fermentative growth on proteinaceous compounds in the absence of sulfur (Takai et al., 2000) . Strain DY20341 T does not require sulfur for growth but sulfur can optimize its growth.
The G+C content of the chromosomal DNA of the isolate was determined according to the protocol of Mesbah & Whitman (1989) , using reversed-phase HPLC. The genomic DNA percentage G+C content of strain DY20341 T was 43.6±1 mol%. An almost complete 16S rRNA gene sequence (1446 nt) was determined by double-strand sequencing and deposited in the NCBI database. The identification of phylogenetic neighbours was initially carried out using BLAST (Altschul et al., 1997) and megaBLAST (Zhang et al., 2000) against the database of type strains with validly published prokaryotic names (Kim et al., 2012 (Fiala & Stetter, 1986) ; 6, Thermococcus barophilus CNCM I-1946 T (Marteinsson et al., 1999) . +, Positive;, 2 negative; ND, no data. (Table 1) . A phylogenetic tree of representative members of Thermococcus, Pyrococcus and Palaeococcus was constructed from 16S rRNA gene sequences using 1220 homologous gene sequence positions (Fig. 1) . Alignment of all sequences was performed using the software CLUSTAL_X (version 2.3) and the phylogenetic trees were constructed using the neighbour-joining method with the software MEGA (version 3.1). Bootstrap analysis was performed 1000 times to provide confidence estimates for tree topologies. These results indicate that strain DY20341 T belongs to the genus Palaeococcus, a member of the order Thermococcales within the Euryarchaeota (Fig. 1) (Rosselló -Mora & Amann, 2001; Stackebrandt & Ebers, 2006) .
In conclusion, these physiological and phylogenetic distinctions demonstrated that strain DY20341
T was not affiliated with any recognized species of the genus Palaeococcus. Therefore, on the basis of the data presented here we propose to describe this strain as a novel species for which the name Palaeococcus pacificus sp. nov. is proposed.
Description of Palaeococcus pacificus sp. nov.
Palaeococcus pacificus (pa.ci9fi.cus. L. masc. adj. pacificus pertaining to the Pacific Ocean from which the type strain was isolated).
Cells are irregular cocci, variable in size (0.8-1.5 mm in diameter) and motile with monopolar flagellum. Sulfur is not necessary for growth, but enhances it. Cells grow in the temperature range of 50-90 u C (optimum 80 u C), pH range of 5.0-8.0 (optimum pH 7.0) and with 1.0 -4.0 % NaCl (optimum 3.0 %). 
